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THE PRECISE SETTING OF THE POSITION INDICATORS ON 
THE PARKES 2 1 0 - F T  R A D I O  TELESCOPE 

A .  J . Shimmins 
Radiophys ics  Labora to ry ,  C S I R O ,  Sydney 

Summary 

These n o t e s  g ive  techfi iques developed f o r  t h e  
p r e c i s e  s e t t i n g  of t h e  d i a l s  which i n d i c a t e  t h e  p o s i t i o n  o f  
t h e  t e l e s c o p e ;  t h a t  i s ,  t h e  z e n i t h  ang le  and azimuth d i a l s  
g i v i n g  t h e  p o s i t i o n  o f  t he  d i s h  i n  a l t a z i m u t h  c o o r d i n a t e s  
and t h e  hour  a n g l e  and d e c l i n a t i o n  d i a l s  g i v i n g  t h e  p o s i t i o n  
o f  t h e  mas te r  e q u a t o r i a l  i n  e q u a t o r i a l  c o o r d i n a t e s ,  t o g e t h e r  
w i t h  t h e  me te r s  i n d i c a t i n g  any misa l ignment  between t h e  
mas te r  e q u a t o r i a l  m i r r o r  and t h e  d i s h  a x i s .  I n  a d d i t i o n  t o  
t h e  p r e c i s e  s e t t i n g  o f  t h e s e  d i a l s  and c o r r e c t  a l ignment  of  
t h e  o p t i c a l  a x i s  of t h e  e r r o r  d e t e c t o r  w i t h  t h e  d i s h  a x i s ,  
f o u r  o t h e r  p i e c e s  o f  i n fo rma t ion  can  be o b t a i n e d :  

(1) The d i f f e r e n t i a l  s a g  i n  t h e  mas te r  e q u a t o r i a l  
m i r r o r  when r o t a t e d  about  t h e  p o l a r  a x i s ,  a t  
d e c l i n a t i o n  - 9 0 ' .  

( 2 )  The a n g u l a r  d i sp l acemen t ,  i n  t h e  azimuth 

( 3 )  A measurement of t h e  i r r e g u l a r i t i e s  i n  t h e  
d i r e c t i o n ,  o f  t h e  m i r r o r  t o  t h e  p o l a r  a x i s .  

azimuth t r a c k  from t h e  mean p l a n e  of t h e  
t r a c k .  

(4) The t e l e s c o p e  l a t i t u d e  ( o r  a n g l e  between t h e  
t e l e s c o p e  azimuth a x i s  and t h e  mas te r  e q u a t o r i a l  
p o l a r  a x i s )  which i s  n e c e s s a r y  i n  c o n v e r t i n g  
from t h e  a l t a z i m u t h  i n t o  e q u a t o r i a l  c o o r d i n a t e s  
and v i c e  v e r s a .  



I .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 2 -  

I n  a d d i t i o n ,  a comparison of d e c l i n a t i o n  and z e n i t h  
a n g l e  s c a l e s ,  a long  t h e  n o r t h - s o u t h  m e r i d i a n ,  has  been made. 

1. INTRODUCTION 

The sys tem f o r  p o i n t i n g  t h e  2 1 0 - f t  Radio Telescope  
a t  Parkes  c o n s i s t s  of  a mas ter  e q u a t o r i a l  u n i t ,  mounted on 
s e p a r a t e  f o u n d a t i o n s  and s i t u a t c d  a t  t h e  i n t e r s e c t i o n  o f  t h e  
azimuth and a l t i t u d e  axes of t h e  d i s h ;  an e r r o r  d e t e c t o r  u n i t ,  
a t t a c h e d  t o  t h e  hub o f  t he  t e l e s c o p e ,  which measures t h e  
a n g u l a r  d e v i a t i o n  o f  t h e  d i s h  a x i s  from t h e  mas te r  e q u a t o r i a l  
d i r e c t i o n  and p r o v i d e s  s i g n a l s  t o  s e r v o  t h e  d i s h  s o  a s  t o  keep 
t h e  a n g u l a r  d e v i a t i o n  sma l l .  

e q u a t o r i a l l y  mounted in s t rumen t  which c a r r i e s  a f l a t  m i r r o r  
3.25 i n .  d i a m e t e r ,  a t  a r a d i u s  o f  23 .5  i n .  from t h e  i n t e r -  
s e c t i o n  o f  i t s  a x e s .  I t  can be p o i n t e d  i n  any d e s i r e d  
d i r e c t i o n  i n  e q u a t o r i a l  c o o r d i n a t e s  ( d e c l i n a t i o n  and hour  
a n g l e ) .  Motions i n  dec l ina t ion ' and  hour  ang le  a r e  each 
ach ieved  w i t h  a w o r m  and wheel ,  w i t h  a 3 6 0 : l  r e d u c t i o n .  
Angles a r e  measurcd from t h e  r o t a t i o n  of t h e  worm 
( 1  t u r n  = l o ) .  

p h o t o - c e l l s ,  a r r anged  t o  r e s o l v e  t h e  a n g u l a r  d i sp l acemen t  
of  i t s  o p t i c a l  a x i s  from t h e  normal t o  t h e  m i r r o r ,  i n t o  two 
components, one i n  a p lane  c o n t a i n i n g  t h e  d i r e c t i o n  i n  which 
t h e  d i s h  t i p s  and t h e  o t h e r  i n  a p l a n e  a t  r i g h t  a n g l e s  t o  
t h i s .  These d isp lacement  a n g l e s  a r e  d i s p l a y e d  on m e t e r s ,  
c a l i b r a t e d  i n  minutes  of a r c .  

The m a s t e r  e q u a t o r i a l  u n i t  i s  a p r e c i s i o n  made 

The e r r o r  d e t e c t o r  i s  an o p t i c a l  d e v i c e ,  w i t h  

These n o t e s  i n d i c a t e  t h e  methods used i n  p r e c i s e  
s e t t i n g s  of  t h e  d i a l s  on t h e  mas te r  e q u a t o r i a l  ( d e c l i n a t i o n  
and hour  a n g l e )  and on t h e  d i s h  ( z e n i t h  a n g l e  and azimuth)  
and t h e  method used t o  a l i g n  t h e  o p t i c a l  a x i s  of  t h e  e r r o r  
d e t e c t o r ,  making a t o t a l  o f  s i x  i n t e r - r e l a t e d  a n g l e s .  I t  
i s  assumed t h a t  t h e  master  e q u a t o r i a l  u n i t  has  i t s  p o l a r  a x i s  
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c o r r e c t l y  a l i g n e d  t o  t h e  South C e l e s t i a l  Po le ,  s i n c c  a l l  
d i a l s  a r e  s e t  w i t h  r e f e r e n c e  t o  t h i s  a x i s .  Th i s  a l ignment  
i s  b a s i c  t o  t h i s  t e l e s c o p e ,  and i s  c a r r i e d  o u t  by o p t i c a l  
o b s e r v a t i o n s  o f  s t a r s  around t h e  South C e l e s t i a l  Pole .  I t  
i s  a l s o  assumed t h a t  t h e  d e c l i n a t i o n  a x i s  h a s  been a d j u s t e d  
t o  be e x a c t l y  9 0 "  t o  t h e  p o l a r  a x i s .  

2 .  SOME DEFINITIONS 

Before d e s c r i b i n g  t h e  t e c h n i q u e s  invo lved  i t  i s  
d e s i r a b l e  t o  d e f i n e  p r e c i s e l y  t h e  q u a n t i t i e s  measured by 
t h e  d i a l s .  

2 . 1  D e c l i n a t i o n  ( 6 )  i s  t h e  a n g l e  between t h e  m i r r o r  normal 
and a p l a n e  a t  r i g h t  ang le s  t o  t h e  p o l a r  a x i s .  I t  i s  
p o s i t i v e  t o  t h e  n o r t h  and n e g a t i v e  t o  t h e  s o u t h  and i s  -90 '  

when t h e  m i r r o r  normal i s  p a r a l l e l  w i t h  t h e  p o l a r  a x i s  and 
p o i n t i n g  South.  (The d e c l i n a t i o n  s c a l e  i s s e t  a t  t h i s  
c o n d i t i o n .  ) 

2 . 2  Zen i th  D i r e c t i o n  and ider id ian  P lane .  Th i s  i s  t h e  
d i r e c t i o n  " v e r t i c a l l y "  upwards. lVc must d i s t i n g u i s h  between 
t h r e e  p o s s i b l e  d i r e c t i o n s ,  a s  f o l l o w s :  

(1) The d i r e c t i o n  o f  l o c a l  g r a v i t y  - a s  d e f i n e d  
by a bubble  o r  a mercury p o o l .  Th i s  i s  known 
a s  t h e  Local Astronomical  Zen i th  ( o r  Geographic 
Z e n i t h ) .  

which g i v e s  t h e  G e o c e n t r i c  Z e n i t h .  

t h e  t e l e s c o p e  r o t a t e s ;  t h i s  g i v e s  t h e  
Telescope  Zeni th .  

(2) The d i r e c t i o n  o f  t h e  c e n t e r  o f  t h e  e a r t h ;  

( 3 )  The d i r e c t i o n  o f  t h e  azimuth a x i s  about  which 

Assoc ia t ed  w i t h  each  of  t h e s e  d i r e c t i o n s  i s  a 
mer id i an  p l a n e ,  which c o n t a i n s  t h e  p o l a r  a x i s  and t h e  g iven  
d i r e c t i o n .  We t h u s  have t h r e e  p l a n e s  which a r e  c l o s e  t o  
each o t h e r :  
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(1) Local  Astronomical  ?!eridian P lane  
( 2 )  Local  Geoczn t r i c  Mer id i an  P lane  
( 3 )  Telescope  ?/ieri.dian P l a n e .  

Each o f  t h e s e  p l a n e s  can  be  used  t o  d e f i n e  t h e  "zero" hour  
a n g l e  p l a n e .  J n  s e t t i n g  up t h e  z e r o  o f  t h e  m a s t e r -  
e q u a t o r i a l  h o u r - a n g l e  s c a l e ,  t h e  Te le scope  Y e r i d i a n  P lane  
h a s  been used  because  t h i s  p l a n e  can  be r e a d i l y  e s t a b l i s h e d  
and r e - e s t a b l i s h e d  i f  n e c e s s a r y .  I f  t h e r e  a r e  no l o c a l  
g r a v i t a t i o n  anomal i e s ,  p l a n e s  1 and 2 a r e  c o i n c i d e n t a l .  
P l ane  3 was i n t e n d c d  t o  b e  c o i n c i d e n t a l  w i t h  p l a n e  1, b u t  
due t o  manufac tu r ing  i n a c c u r a c i e s ,  and a p o s s i b l e  subsequen t  
uneven s a g g i n g  o f  t h e  azimuth t r a c k ,  t h e  two p l a n e s  a r e  now a 
small a n g l e  a p a r t .  (This ,  o f  c o u r s e ,  i n  no wzy a f f e c t s  t h e  
p o i n t i n g  a c c u r s c y  o f  t h e  te lescope.)  

2 . 3  Hour Angle ( h ) .  T h i s  i s  t h e  a n g l e  ( expres sed  i n  h o u r s ,  
minutes  and seconds  o f  ang le  by t h e  t r a n s f o r m  1 hour  = 15")  
between t h e  Telescope  Mer id ian  P lanc  ( a s  d e f i n e d  above) and 
a p l a n e  th rough  t h e  p o l a r  a x i s  c o n t a i n i n g  t h e  d i r e c t i o n  t o  be  
s p e c i f i e d .  

2 . 4  Azimuth Ax i s ,  Azimuth P lane  and Azimuth Angle ( A ) .  

The azimuth a x i s  i s  t h a t  a x i s  abou t  which t h e  t e l e s c o p e  r o t a t e s  
by motion a round t h e  azimuth t r a c k .  The azimuth p l a n e  i s  a t  
r i g h t  a n g l e s  t o  t h e  azimuth a x i s  and i s  t h e  mean p l a n e  o f  
t h e  azimuth t r a c k .  Thc azimuth angle  (symbol A )  i s  t h e  
a n g l e ,  i n  t h e  azimuth p l a n e ,  o f  t h e  p r o j e c t i o n  i n t o  t h e  p l a n e  
o f  t h e  d i r e c t i o n  t o  be s p e c i f i e d .  Zero azimuth i s  d e f i n e d  as 
t h e  d i r c c t i o n  o f  t h e  i n t e r s e c t i o n  o f  t h e  Telescope  Mer id i an  
P lane  w i t h  t h e  azimuth p l ane ,  t a k e n  i n  t h e  n o r t h e r n  d i r e c t i o n .  
I t  s h o u l d  be  n o t e d  t h a t  azimuth i s  mezsured i n  t h e  mean p l a n e  
o f  t h e  t r a c k  and n o t  i n  the  l o c a l  As t ronomica l  ( h o r i z o n t a l )  
p l a n e .  
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2 . 5  Zen i th  Angle ( z )  i s  t h e  a n g l e  between t h e  d i s h  a x i s  
and t h e  azimuth a x i s .  
a x i s  i s  a long  t h e  azimuth a x i s .  

Zero z e n i t h  a n g l e  i s  when t h e  d i s h  

2 . 6  S i d e r e a l  T i m e .  Assoc ia t ed  w i t h  each m e r i d i a n  p l a n e  i s  
a s i d e r e a l  t ime,  which i s  t h e  R igh t  Ascens ion  o f  t h e  s t a r s  i n  
t h e  mer id i an  p lFne  a t  t h a t  i n s t a n t .  We can  t h u s  have a l o c a l  
a s t r o n o m i c a l  s i d e r e a l  t imc ,  a s s o c i a t e d  w i t h  p l a n e s  1 and 2 
(assuming c o i n c i d e n c e )  and a t e l e s c o p e  s i d e r e a l  time which 

w i l l  d i f f e r  s l i g h t l y  from each  o t h e r  (by up t o  s e v e r a l  s e c o n d s ) .  
h m s  The a s t r o n o m i c a l  s i d e r e a l  t ime a t  Parkes  i s  9 5 3  0 4  ahead o f  

t h e  m e r i d i a n  p l a n e  through Greenwich, whereas  t h e  t e l e s c o p e  
h m s  s i d e r e a l  time i s  9 5 3  00  ahead of Greenwich. 

2 . 7  L a t i t u d e  ( 4 ) .  This  i s  t h e  d e c l i n a t i o n  o f  t h e  z e n i t h  
d i r e c t i o n ;  a g a i n  t h e r e  a r e  t h r e e  l a t i t u d e s ,  one f o r  each  
z e n i t h  d i r e c t i o n .  A t  Parkes  we have: -  

@ = Astronomica l  o r  Geographic  L a t i t u d e  = - 3 2 " 5 9 ' . 9  

0' = G e o c e n t r i c  L a t i t u d e  = - 3 2 ' 4 9 I . 3  

@I'  = Telescope  L a t i t u d e  = - 3 3 " 0 0 ' . 0  

I t  i s  t h i s  l a t t e r  v a l u e  o f  0" which s h o u l d  be used  i n  c o n v e r t -  
i n g  from a l t a z i m u t h  c o o r d i n a t e s  i n t o  e q u a t o r i a l  c o o r d i n a t e s  
and v i c e  v e r s a .  (Appendix I g i v e s  t h e  c o n v e r s i o n  fo rmulae . )  

2 . 8  P o i n t i n g  E r r o r .  This  i s  t h e  a n g l e  between t h e  normal - 
t o  t h e  m a s t e r  e q u a t o r i a l  m i r r o r  and t h e  o p t i c a l  a x i s  o f  t h e  

e r r o r  d e t e c t o r .  Th i s  e r r o r  i s  a v e c t o r  q u a n t i t y  and i s  
r e s o l v e d  ( i n  t h e  e r r o r  d e t e c t o r )  i n t o  two components, namely 
t h e  z e n i t h - a n g l e  component and t h e  azimuth component. 

The z e n i t h  ang le  component i s  r e s o l v e d  i n t o  a p l a n e  
c o n t a i n i n g  t h e  azimuth a x i s  i n  t h e  d i r e c t i o n  o f  Rib 1 o f  t h e  
d i s h  ( i . e .  t h e  d i r e c t i o n  o f  t i l t i n g ) .  The o t h e r  component i s  
a t  r i g h t  a n g l e s  t o  t h i s ,  t h e  s i g n s  b e i n g  as g i v e n  i n  F i g u r e  1. 

A p o s i t i v e  z e n i t h - a n g l e  component o f  p o i n t i n g  e r r o r  
i s  i n  t h e  d i r e c t i o n  o f  Rib 1 when t h e  o p t i c a l  a x i s  o f  t h e  
e r r o r  d e t e c t o r  has  ;? g r e a t e r  z e n i t h  a n g l e  than  t h a t  o f  t h e  
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m a s t c r  e q u a t c r i a l  mirrcr.  A p o s i t i v e  az imuth  component o f  
e r r o r  i s  whcn t h c  c r r o r  d e t e c t c r  a x i s  i s  90' c lockwise  
( i . e .  t o  t h e  r i g h t )  c f  t h e  m a s t e r  e q u a t o r i z l  m i r r o r ,  when 
vicwed from abov€.9 i.t. when t h e  t - r r o r  d c t e c t o r  h a s  a g r e a t e r  
az imuth  component t h a n  t h c  m a s t e r  e q u a t o r i a l  m i r r o r .  

z e n i t h  a n g l e  Az and azimuth AA a r c  as f o l l o w s : -  
To b r i n g  t h e  p o i c t i n g  c r r o r  t o  z e r o ,  changes i n  

A Z  Zcr-iti: a n g l e  c m p o n e n t  of  p o i n t i n g  e r r o r .  

AA = Azimuth coapzncnt  of  p o i n t i n g  e r r o r  x c o s e c  z .  

I t  s h o u l d  b e  notci!  t h a t  t h e r e  i s  no r equ i r emen t  f o r  
t h e  az imuth  t r z c k  t o  bc  g e o g r a p h i c a l l y  h o r i z o n t a l ;  t h e  
te1r;scope would s t i l l  pcrform p r e c i s c l y ,  i n  b o t h  e q u a t o r i a l  
and a l t a z i m u t h  c o o r d i r a t c s  i f  t h e  t r a c k  were t i p p c d  s a y  a t  
10 '  t o  t h e  h o r i z o n t a l ,  pr::?vidcd th:at t h c  above d c f i n i t i o n s  of  
z c n i t h  z n g l e  zr,d azimuth a r c  used .  

3 .  ROUGH SETTING CF D I A L S  

The d i a l s  can k e  set .  v e r y  c l o s e  t o  t h e i r  c o r r e c t  

The m a s t e r  c q u a t o r i a l  i s  taktln t o  t h e  v e r t i c a l  
p o s i t i o n s  ( s a y  t o  w i t h i n  * 1 ' )  as f o l l o w s :  

p o s i t i o n ,  and a s ? i r i t - l e v e l  i s  p l a c e d  on t o p  of t h e  m i r r o r .  
The m a s t e r  e q u a t o r i a l  i s  sh i f t : ;d  i n  d e c l i n z . t i o n  and hour  a n g l e  
i n  t u r n  u n t i l  t h e  l e v c l  is c e n t r a l  i n  3.11 p o s i t i o n s .  The 
d e c l i n a t i o n  s c a i e  i s  theri s e t  t o  tht; g e o g r a p h i c a l  l a t i t u d e  
c f  P s r k e s  ( - 5 2 " 5 9 ' . 9 )  an2 t h e  hour  a n g l e  t o  00  00  00  . The 
t e l e s c o p e  i s  t u r n e d  t n  c r i c n t  F i b  1 a long  thl: n o r t h - s o u t h  
s u r v e y  l i n e ,  a s  de tc rmincd  by a t h e o d o l i t e .  The az imuth  s c a l e  
i s  t h e n  s e t  t o  000 '0G ' .  S i m i l e r l y  t h e  zenith-angle sca le  i s  
s e t  t o  z e r c  whcn. t h c  g e o x e t r i c a l  z x i s  i s  v e r t i c a l  as d e t e r -  
mined by t i ;ccd.ol i te  su rvcy .  With thc: t e l e s c o p e  a t  t h e  z e n i t h ,  
as de t e rmined  absvc ,  and 1;rith A. = 0 O O " O O '  2nd t h e  master 
e q u a t o r i a l  a t  6 = - 3 2 " 5 9 ' . 9 ,  h = 00  00  00  t h e  e r r o r  d e t e c t o r  
box i s  moved by i t s  a d j u s t i n g  screws t o  g i v e  z e r o  components 
o f  z e n i t h  a n g l e  e r r o r  arid Rzimuth e r r o r .  

h m s  

h m s  
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4. ROTATION OF VASTER ECUATORIAL ABOUT THE POLAR AXIS 

This  t e s t  has  a s  i t s  o b j e c t s :  

(1)  The p r e c i s e  s e t t i n g  of t h e  d e c l i n a t i o n  s c a l e  

( 2 )  Measurement o f  any d i f f e r e n t i a l  s a g  i n  t h e  
( a t  -90°0C'.0). 

p o l a r  a x i s  as t h e  m a s t e r  e q u a t o r i a l  i s  
r o t a t e d .  

( 3 )  Measurement of  t h c  a n g u l a r  o f f s e t  o f  t h e  
m i r r o r ,  i n  t h e  d i r e c t i o n  of  az imuth  component 
o f  p o i n t i n g  e r r o r .  

On a w i n d l e s s  day, t h e  t e l e s c o p e  i s  t a k e n  t o  
z = 57'00' a t  azimuth 180' ( i . e .  t h e  d i s h  p o i n t i n g  t c  t h e  
South  C e l e s t i a l  P o l e ) .  The t c l c s c o p c  i s  t h e n  locked  i n  
t h i s  p o s i t i o n  by p u t t i n g  t h e  b r a k e s  on. The m a s t e r  e q u a t o r i a l  
i s  t a k e n  t o  d e c l i n a t i o n  - 9 0 "  and hour  a n g l e  t o  1 2  h ; 
hour  a n g l e  i s  r o t a t e d  c lockwise  ( a t  6O0/min) through a f u l l  
24 hours  ( i . e .  36C0), and t h e  r e a d i n g s  o f  z e n i t h  a n g l e  and 
azimuth components o f  p o i n t i n g  e r r o r  r e a d  on t h e  e r r o r  meters 
e v e r y  heLf hour  c f  r c t a t i c n ,  and p l o t t e d  as shown i n  F igu re  2 .  

I f  t h e  m i r r o r  i s  e x a c t l y  ofi t h e  p o l a r  a x i s  and t h e r e  
i s  no d i f f e r e n t i a l  s ag  i n  t h e  n o l a r  a x i s ,  c o n s t a n t  e r r o r  
r e a d i n g s  a r e  o b t a i x d ,  independent  of t h e  hour  a n g l e .  If  the  
e r r o r s  a r c  t o e  l a r g e ,  t h e  d i s h  can  b e  s h i f t e d  i n  z e n i t h  a n g l e  
and azimuth t c  reduce  thcm. The r e a d i n g s  on t h e  azimuth and 
z e n i t h  a n g l e  d i a l s  a t  t h i s  s t a g c  a r e  approximate o n l y  and a r e  
n o t  impor t an t  t o  t h i s  t e s t .  

t h e  

I n  g c n e r a l ,  t h c  l o c u s  o f  t h e  e r r c r s  w i l l  be a c i r c l e  
t h e  r a d i u s  Gf which i s  a measure o f  t h e  m i r r o r  o f f s c t  from 
t h e  p o l a r  a x i s .  This  has two components. One due t o  t h e  
d e c l i n a t i o n  n o t  be ing  e x a c t l y  90°CO'.0 and t h e  o t h e r  due t o  
t h e  f a c t  t h a t  t h e  m i r r o r  normal i s  n o t  a t  r i g h t  a n g l e s  t o  
t h e  p o l a r  a x i s  i n  t h e  azimuth p l a n e .  By s u c c e s s i v e l y  changing  
t h e  d e c l i n a t i o n  by amcunts c a l c u l a t e d  from t h e  e r r o r  p l o t s ,  t h e  
c i r c l e  r e s u l t i n g  from r o t a t i e n  can be m;ide s m a l l  ( r a d i u s  of  
t h e  o r d e r  o f  0 . 1  minute  of a r c ) .  
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Figure  3 shows such  a p l o t ,  which i s  t h e  r e s i d u a l  
a f t e r  s e v e r a l  ad jus tmen t s  o f  t h e  d e c l i n a t i o n .  I t  w i l l  be s e e n  
t h a t  t h e  ' i c i r c l e ' '  is  q u i t c  d i s t c r t e d ,  b e i n g  somewhat f l a t t e n e d  
by d i f f c r e n t i a l  s ag  and a l s o  having  a r e - c n t r a n t  l o o p .  The 
m i r r o r  has  a s m a l l  o f f s e t  o f  scmething l e s s  t h a n  0 . 1 '  i n  t h e  
azimuth d i r e c t i o n .  A t  t h i s  s t a g c ,  t h e  d e c l i n z t i o n  s c a l e  i s  
r e - s o t  t o  -90°00'.0, and s h c u l d  t c  c o r r e c t  t c  something 
b e t t e r  t h a n  0 . 1 ' .  ( I f  r iecess?ry ,  t h e  m i r r o r  can  be r e - a d j u s t e d  
i n  t h e  "azimuth" d i r e c t i c n  t o  make it  a t  r i g h t  a n g l e s  t o  t h e  
p o l a r  a x i s . )  The d e c l i n a t i o n  s c a l c  shou ld  t h e n  be c o r r e c t  
o v e r  a l l  i t s  r ange .  

m i r r o r  i s  a t  r i g h t  ang le s  t c  t h e  azimuth a x i s ,  t h e  e r r o r  i n  
t h e  d e c l i n a t i o n  s c a l e  an? t h c  d i f f c r e n t i a l  sag i n  t h e  p o l a r  
a x i s  a r e  a l l  approximatc ly  e q u a l  t o  0 . 0 5 ' .  

A t  p r e s e n t  i t  i s  b e l i e v e d  t h a t  t h e  m a s t e r  e q u a t o r i a l  

S. ROTATION OF THE DISH ABOUT THE AZIMUTH A X I S  

The purposc o f  t h i s  t e s t  i s  tc , :  

(1)  S e t  t h e  z e r o  o f  t h e  hour  a n g l e  s c a l e .  
( 2 )  S e t  t h e  e r r o r  d c t c c t o r  u n i t  s o  t h a t  i t s  o p t i c a l  

a x i s  i s  a l i g n e d  t o  t h e  d i s h  a x i s  of  t h e  t e l e s c o p e  
(wi th  t h e  d i s h  z t  t h e  z e n i t h ) .  

( 3 )  Measure t h e  t e l c s c o p c  l z t i t u d e .  
(4) Measure any i r r e g u l a r i t i e s  i n  t h e  az imuth  t r a c k .  
( 5 )  S e t  t h e  z e r o  o f  t h e  z c n i t h  a n g l e  s c a l e .  

Both t h e  d i s h  31:d t h e  m a s t e r  c q u a t o r i a l  a r e  t a k e n  t o  
t h e  z e n i t h ,  t h e  mas te r  e q u a t o r i a l  bc ing  s e t  on -32O59I.9 ( t h e  
geograph ic  l a t i t u d e  of Pcirkes) m d  h = OOoOO'OO" a s  p r e v i o u s l y  
s e t  w i t h  a s p i r i t  l c v c l .  Thc d i s h  i s  s ~ t  a t  z = OOoOO'.O, 
i . e .  w i t h  i t s  geomct r i ca l  a x i s  v e r t i c a l  a s  de t e rmined  w i t h  a 

t h e o d o l i t e .  

azimuth a x i s  a t  20°/min. A t  cve ry  5 "  ( c r  l o " )  t h e  r e a d i n g s  of 
azimuth and z c n i t h  ang lc  compcncnts o f  e r r o r  a r e  r e a d .  The 

The d i s h  i s  thcn r o t a t c d  a f u l l  360"  abou t  i t s  
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dish is then taken back at the same speed and the readings 
repeated, and an average dctcrmined. A "zenith plat" is then 
prepared. This is a plot of thc zenith region immediately 
above the normal tc thc master equatorial mirror, in declinat- 
ion and hGur angle coordinates (tn the same scale). A large 
scale of '1 minute cf arc is used. Fsr each direction of Rib 1 
of the dish, the zenith mglc component of error is marked 
in that direction, with appropriate sign. The azimuth 
component cf errer is thcp marked at right angles, signs being 
as shown in Figure 1. ( S C C  Figure 4 for method of plotting 
position of optical axis for each value 9f azimuth,] 

of the error detectcr optical axis drawn. (See Figure 53 
This should ideally be a circle, centered on the azimuth axis. 
After several adjustments r f  the mirror position, the estimated 
center of the circle s o  cbtained czn be made coincident with 
the master equztorial mirrcr position. This test is done with 
a circle radius of 3pproximately 1 minute of arc. If necessary, 
this can be adjusted by altering t h e  zenith angle of the 
telescope slightly. !'!hen the cstinated center of the circle is 
on the mirror pcsiticn, the  hcur angle scale is set to 
00 00 00 . The dcclinaticn reading is then the telescope 
latitude. Any misalignmcnt of the error-detector optical axis 
with the azimuth axis is shcwn by an azimuth componcnt o f  error 
with thc dish at zerc azimuth. This misalignment can be 
reduced to zero by shifting the errcr dctectcr in the azimuth 
direction. 

This is done fcr all v;ilucs r f  azimuth, and a locus 

h m s  

Figure 6 shcws a zenith plot for the Parkcs Radic 
Telescope. It will be  secn that the center o f  the locus is 
ccincident with the mirrcr pcsition. The telesccpe was tilted 
0'.75 and it will bc  secn that there is a residual component 
of azimuth error of - O S . 3  which could be reduced by shifting 
the error detector by azimuth zdjustment. 

circle, but hns irregularities which rcsult from variations 
in the azimuth track. Figure 7 shows the component 

It will alsc be seen thzt th2 locus is not a perfect 
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i r r e g u l z r i t i e s  i n  t,,e z e n i t h - a n g l e  , , r ec t ion  and a l s o  i n  
t h e  azimuth d i r e c t i o n .  Thc i r r e g u l a r i t i e s  between 0 and 180' 
a r e  i d e n t i c a l  ( b u t  r e v e r s e d  i n  s i g n )  t c  t h e s e  o c c u r r i n g  between 
180 and 360'. These z r e  shown by t h e  d o t t c d  cu rves  i n  F i g u r e  
7 .  The agreement i s  vcry  c l c s c ,  i n d i c a t i n g  t h a t  t h e  i r r e g u l a r -  
i t i e s  must r e s u l t  from thc  t r a c k  s u r f a c e .  An a t t e m p t  was made 
t o  c o r r e l a t e  t h e s e  i r r e g u l a r i t i e s  w i t h  t r a c k  j o i n t s ,  b u t  none 
c o u l d  be found. (See F i g u r e  8 f o r  p l a n  of t r a c k  showing 
j o i n t s  i n  t r a c k  and p c s i t i c n  of  r o l l e r s  a t  ze ro  azimuthJ 

t h e  ave rage  level of  the f o u r  r c l l e r s  on t h e  t r a c k  and a r e  
n o t  v a r i a t i o n s  i n  t h e  t r a c k  i t s c l f  a t  t h e  azimuth a n g l e s  
g iven .  

The r a d i u s  o f  t he  l o c u s  c i r c l c  g i v e s  t h c  a n g l e  
between t h e  m a s t e r - e q u a t c r i a l  o p t i c a l  a x i s  and t h e  azimuth 
a x i s .  This  s h o u l d  be t h e  r e a d i n g  on t h e  z e n i t h - a n g l e  d i a l .  
I t  i s  n o t  p o s s i b l e  t r ?  g e t  a unique  combina t ion  o f  t h e  p o s i t i o n  
of t h e  g e o m e t r i c a l  a x i s  c f  t h c  d i s h  and hub and t h e  z e n i t h  
a n g l e  p o s i t i o n  of t h e  e r x n r  d e t e c t o r ,  s o  it i s  n e c c s s a r y  t o  
s e t  t h e  g c o m e t r i c a l  a x i s  p f  t h e  d i s h  t o  t h e  v e r t i c a l  w i t h  a 
t h e o d c l i t e ,  and t h e n  a d j u s t  t h e  o p t i c a l  a x i s  o f  t h e  errcr  
d e t e c t o r  tc! b r i n g  t h e  z e n i t h  a n g l e  component o f  e r r c r  t o  ze ro .  

I t  shou ld  be notcd t h a t  t h e  i r r e g u l a r i t i e s  depend on 

6 .  SETTING OF ZERO OF AZIMUTH SCALE 

A f t e r  t h e  e r r o r  d e t e c t o r  axLs have been l i n c d  up w i t h  
t h e  azimuth a x i s ,  t h c  ze rc  o f  t h e  azimuth d i a l  can  br. r e s e t  
e x a c t l y  t o  z e r o .  This  i s  d m c  by t a k i n g  t h e  d i s h  t o  4 5 '  

z e n i t h  a n g l e ,  t h e  mas te r  e q u a t c r i a l  t c  t h c  c s r r e s p o n d i n g  
d e c l i n a t i o n  on t h e  n o r t h e r n  m e r i d i a n  (h = 00 0 0  0 0  ) and 
s h i f t i n g  t h c  azimuth u n t i l  thc azimuth camponcnt o f  e r r o r  i s  
b rough t  t o  zc'ro. The d i a l  i s  t h c n  s e t  t o  OOOoOO'.O. This  
a l ignment  can  be done a t  any z e n i t h  a n g l e ,  btl t  45' h a s  been 
chosen s i n c e  it minimizes t h e  e f f e c t s  e f  t h e  a l t i t u d e  a x i s  n o t  
b e i n g  p z r a l l e l  t o  t h e  plenc; o f  t h e  azimuth t r a c k .  

h m s  
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This  can  be checkcd by measuring t h e  azimuth 
comporient o f  e r r o r  when t h e  t e l e s c o p e  i s  moved down t h e  
n o r t h e r n  m e r i d i m ,  under  e q u a t o r i a l  c c n t r o l  i n  z e n i t h  a n g l e ,  
b u t  w i t h  t h e  azimuth brakes  on. This  e r r c r  i s  small ( l e s s  
t h a n  0 . 1 ' ) .  i: chcck cn t h e  azimuth s ca l e  a t  180' can be  
made by r e p e a t i n g  t h e  t c s t  ?.long t h e  s o u t h e r n  m e r i d i a n .  

7 .  COMPARISOM OF ZENITH ANGLE ANC AZIMUTH SCALES 

By b r i n g i n g  thc t c l e s c o p e  down t h c  n o r t h e r n  and 
s o u t h e r n  mer id i ans  under  e q u a t o r i a l  c o n t r o l ,  t h e  d c c l i n a t i o n  
can  bc no tcd  a t  v a r i c u s  z e n i t h  a n g l e s .  Th i s  is  b c s t  ach ieved  
by t a k i n g  an au tomat i c  p r i n t c u t  o f  d e c l i n a t i o n  when t h e  
z e n i t h  m g l e  pGsses through c a r d i n a l  p c i n t s  s a y  5' a p a r t .  
A p l o t  o f  z e n i t h  ang le  v e r s u s  d e c l i n a t i c n  can t h e n  be drawn. 
This  i s  shown i n  F igu re  9, which h a s  been drawn f o r  
6 = 33"00'.0 a t  z = 60".  

As t h e  z e c i t h  ang le  i s  rcduccd ,  t h e r e  i s  a 
d i f f e r e n c e  o f  approximate ly  0 . 1 '  p e r  G o  o f  z c n i t h  a n g l e .  
Th i s  i s  thought  t o  bc  due t o  c l a s t i c  f l e x i n g  of  t h e  hub 
s t r u c t u r e  and g e a r s .  Thc z e n i t h  a n g l e  i s  measured on t h e  
a l t i t u d e  gcarbox,  and as t5c  d i s h  t i l t s ,  t h e  f l e x i n g  o f  
t h e  s t r u c t u r e  causes  t h e  hub a x i s  (and t h e r e f o r e  t h e  e r r o r -  
d c t e c t o r  o p t i c a l  a x i s )  t c  havc a g r e a t e r  ZA t h a n  t h a t  f c r  a 
p e r f e c t l y  r i g i d  s t r u c t u r e .  
i n  t h e  o p t i c a l  a x i s  n f  t k c  E r r o r  d c t e c t o r .  A t  p r e s e n t  
i n  t h e  Parkcs  Te lc scops ,  t h i s  s a p  has been s e t  t o  be z e r o ,  and 
measurcments c f  d e f l e c t i n n s  of t h e  e r r o r - d e t e c t o r  u n i t  show 
t h i s  t o  be s u b s t a n t i z l l y  t r u e .  

This  d i f f e r e n c e  i n c l u d e s  any sag 
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APPENDIX I 

k e l a t i c n s  between a l t a z i m c t h  -I and e q u a t o r i a l  c o o r d i n a t e s  

z = Zen i th  Angle 

A = Azimuth Angle 

6 = D e c l i n a t i o n  Angle 

h = Hour Angle 

I$'' = Telescopc latitudz ( - 3 3 '  O O 1 . O )  

E q u a t o r i a l  t c  z l t a z i m u t h  c c n v e r s i c n  - 

S i n  z S i n  A = - Cos 6 S i n  h 

S i n  z Cos A = S i n  6 Cos 4 ' '  - Cos 6 Cos h S i n  4 ' '  

cos z = S i n  6 S i n  4 ' '  + Cos 6 Cos h Cos $". 

Al taz imuth  t o  e a u a t o r i a l  c o n v e r s i o n  

CGS 6 S i n  h = - S i n  z S i n  1 1  

Cos 6 Cos h = Ccs z Ccc 9'' - S i n  z Cos A S i n  $I" 

S i n  6 = Cos z S i n  $li + S i n  z Ccs A Cos 4"  
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